Objective: This study examines the effect of taking a health risk assessment (HRA) on health care costs, utilization, and member health risks over a 3-year period. Methods: This retrospective cohort study examined changes utilization, costs, and health risks among a random sample of 500 employees completing an HRA compared with a matched group of 500 employees who did not complete an HRA. Results: The HRA group accessed services more frequently and at a lower overall cost, was more likely to utilize primary care and preventive services after the HRA, and improved on seven out of eight health risk measures. Conclusions: This study demonstrates that significant and sustained improvement in health risks and lower health care costs may be achievable with efforts such as an HRA that seeks to engage employees in health improvement efforts.
and behavior change components. All employees who were covered by the university's health plan were eligible to take part in the HWP. The university in this case acted both as the employer and as the operator of the health plan, a relationship that perhaps enhances the interest of each entity in the health of its employees and facilitates programmatic opportunities that may not be available under other arrangements.
The aim of the HRA portion of the HWP was to promote greater awareness among employees of their health status and associated health care needs and, on the basis of results of the HRA, to provide advice to employees to help improve their health status and, ultimately, their work productivity. The research objective in this study was to analyze the long-term effects (over 3 years) of taking an HRA on subsequent health outcomes, including health risk indicators, biometric measures, costs, and medical service utilization. In addition, this project represented an opportunity for the health plan to combine data elements from various sources within their system and examine the effect of this piece of their HWP. Therefore, we defined the scope of the project to fit within the goals of the research as well as the health plan's resources.
METHODS

Study Design
This retrospective cohort study examined health-related changes in two ways. First, we compared health care utilization and costs among employees completing an HRA to a matched comparison group of employees who did not complete an HRA. Second, we assessed health and lifestyle changes that occurred over time among those in the study group who took repeated HRAs throughout the course of the study. For both of these aims, de-identified data were obtained from the health plan's claims and enrollment databases, as well as HWP participation database, to conduct the analysis. The research design and methods used in this study were reviewed and approved by the university's institutional review board.
A random sample of 500 health plan members was selected from among all individuals who completed an HRA between January 1, 2007 (when it was first offered), and June 30, 2007, and had been continuously enrolled in the health plan between January 1, 2007, and December 31, 2008. This group was defined as the study group. All members who had completed an HRA during the defined period were eligible. A comparison group of members who had not taken an HRA during the defined period was drawn, matched to the study group on age and sex.
Initially, total health care costs and utilization of health care services were calculated at 6, 12, 18 and 24 months after the HRA was completed. We later extended the data capture period to calculate costs and utilization at 6 and 12 months prior to the HRA and again at 30 and 36 months subsequent to the initial date of HRA completion. The study and comparison groups remained the same for the initial and extended stages of the study. The assessment period for members of the study group began on the date on which the HRA was completed. For those in the comparison group, the date on which their matched study group member took the HRA was used to create the same assessment periods. Health risk (described in the following section) was assessed for the study group at least twice during the 3-year post-HRA study period. This time frame was chosen on the basis of research suggesting that at least 3 years of data are needed to determine the long-term health and financial effects of the program. 8 
Measures
Demographic measures included age, sex, employment classification (faculty, administrative and professional, and classified civil service), salary range, and location of employment (medical center or not medical center). Location of employment was included as a demographic variable because there was concern that medical center employees might differ from employees of the broader university in their willingness to take an HRA. The Diagnostic Cost Group (DCG) score was included to allow for comparison of the study and comparison groups in their use of services prior to the personal health assessment. This DCG score is calculated on the basis of a member's previous use of health care services and represents the likelihood of becoming a high-cost user of services in the next year. 3 Health risk measures were obtained from the HRA (for the study group only because the comparison group did not complete an HRA) and are shown in Table 2 . In addition, self-reported measures of preventive health behaviors, such as age and sex appropriate screenings (eg, mammograms), were included (see Table 4 ). Members could choose whether and when to take an HRA at any time in the year. Annual campaigns encouraged completion each fall to be eligible for financial incentives, and most members took part annually. Nevertheless, because members varied in their frequency of HRA completion, we chose to define the following three assessment points: initial HRA taken in the first 6 months of the study, midpoint HRA taken closest to the 18-month time point, and final HRA taken closest to the end of the study.
Health care cost and utilization measures for both the study and comparison groups included total medical costs per individual paid by the health plan and total number of health care visits made by the member. We used the total cost unadjusted for inflation because inflation would affect each group equally and therefore no adjustment was needed. We also assessed health care costs and utilization stratified by the type of visit (primary care services, preventive care, chronic disease care, and pharmaceutical usage), categorized by visit codes assigned by the physician. These measures were summed into 6-month intervals for both the study and comparison groups for the duration of the study.
Analysis Methods
Health Risks
At the study population level, for each risk factor included in the HRA, descriptive statistics were computed on the percentage of the population at each level of risk for each factor (eg, normal, borderline, or high blood pressure). Risk classifications for each condition were determined by the standard classification for that condition in place at the time of the study (shown in Table 2 ). On the basis of these classifications, the risk profile of the entire study group was compared at each assessment point (initial, midpoint, and final) to determine how the health risk of the overall study population changed over time. Then, at the individual level, we examined changes in health risks among those defined as being at risk. We chose to examine changes only in those who were identified as at risk because the HRA results only addressed risk factors that were present for that individual. An individual with normal blood pressure, for example, would not have received educational messages regarding blood pressure.
These analyses included all participants who took an HRA initially, at the study midpoint, and at the final period and compared health risks measured at each point to assess the change in member's health risk indicators over time. Statistical tests were performed (the chi-square or t tests as appropriate) to assess the statistical differences variance between the earlier and later measures. Those with missing data were excluded from the analysis.
Health Care Cost and Utilization
Initial descriptive statistics were compiled for each measure of cost and utilization. A few individuals 5 in the sample experienced extremely high costs (catastrophic cases exceeding $100,000 per 6 months each). These individuals were viewed as outliers and were therefore removed from further analyses. Thus, the effective final study populations had 499 members of the study group and 496 members in the comparison group (total n = 995). A generalized linear model approach using Proc Mixed examined differences in utilization (or cost) over time, controlling for covariates. Study/comparison group was the primary independent variable and cost (or the number of visits) overall and for each category of service was the dependent variable. Covariates included demographic variables and members' DCG scores in the baseline period. This method takes changes over time into account and controls for covariates. All analyses were conducted using SAS version 9.2 software (SAS Institute Inc, Cary, NC).
In addition, a multivariate logistic regression analysis compared the likelihood of having a primary care visit (or a preventive service visit) within the first 6 months after taking the HRA (or the HRA date of their matched pair in the comparison group). This analysis tested the hypothesis that taking an HRA prompts individuals to seek medical visits to assess or address their health risks to a greater extent than members of the comparison group who did not take an HRA. The independent variable for this analysis was whether or not the member sought primary care (or preventive) services during the first post-HRA assessment period (ie, the first 6 months after the completion of an HRA).
RESULTS
Description of the Sample
Demographics of the sample population, shown in Table 1 , were similar in both the study and comparison groups. Both groups showed a greater proportion of females than males, and a greater proportion of university than medical center employees. The mean age of the sample population was just older than 43 years. Classified staff members made up most of both groups. The majority of members earned between $40,000 and $99,000 per year. Baseline DCG scores were significantly different (120.3 vs 106.3, respectively; P < 0.05) for the study and comparison groups and were adjusted for in subsequent multivariate analyses.
Health Risk Changes
Population Health Risk Profile
As shown in Table 2 , just more than 63% of participants completed an initial, midpoint, and final HRA, and thus were included in the analysis of changes in health risk status over time. The table describes the health risk profile of all 500 members who took a baseline HRA. The most common health risk was overweight/obesity followed by low-density lipoprotein cholesterol, high-density lipoprotein cholesterol, and prediabetes. The overall proportion of those at various risk levels did not differ significantly from one HRA to another. For example, the proportion of members classified as obese at the initial, midpoint, and final HRA was 23.6, 23.5, and 23.8, respectively, with no statistically significant difference. were at risk at the time of their initial HRA. Of the eight measures of health risk, six showed significant improvement among those initially at risk (as assessed at the study midpoint). By the end of the study, seven of the eight risks measured had improved. For example, from the initial HRA to the baseline assessment (6 months), triglyceride levels decreased on average by nearly 35 mg/dL, or 16%. From midpoint to final assessment, an average decrease of 23 mg/dL (10.5%) was observed. Overall, from baseline to final assessment, the average triglyceride levels among those at risk decreased by 56 mg/dL, or 25.9%. In addition, encouraging changes were observed in other health risks. Table 4 summarizes average medical costs among the study and comparison groups for each 5-month period of observation. These data are provided for overall costs as well as by category of service and utilizes all members in both groups regardless of whether the member accessed services in the given observation period.
Individual Health Changes
Trends in Health Care Claims and Utilization
Health Care Costs
With respect to overall costs, only the initial post-HRA period (the first 6 months) showed a statistically significant difference between the study and comparison groups ($1951 vs $1320; P < 0.05). All other comparisons between the study and comparison groups were not significantly different. In addition, the average overall cost among the study group was only slightly higher in the baseline period than in the final period ($1509 baseline vs $1602 at 36 months, not significant). The comparison group experienced the reverse pattern. Overall costs in this group increased from $1212 at baseline to $2073 at 36 months post-HRA (P < 0.05). Primary care costs were significantly higher in the study group for nearly all observation periods. Both the study and comparison groups experienced a sizable decrease in costs during the 19-to 24-month observation period. This decrease was consistent across all types of care but was particularly pronounced in the preventive care service category.
Health Care Service Utilization
Overall visits were consistently higher in the study group than in the comparison group. Study group members showed five to six visits in each period compared with three to four visits for the comparison group. As with costs, a consistent decrease in utilization was observed overall and within each category during the 19-to 24-month observation period (Table 5) . Table 6 shows the results of a series of multivariate regression analyses using completion of an HRA as the primary independent variable and cost (or the number of visits) overall and for each category of service as the dependent variable. Covariates included demographic variables and members' DCG scores in the baseline period. This method takes changes over time into account and controls for covariates.
Multivariate Analysis of Cost and Utilization
These multivariate results are consistent with those observed in the analysis of each 6-month observation period. Taking an HRA was significantly associated with overall medical care costs and visits (P = 0.06; P < 0.0001), with primary care costs and visits (P = 0.0002 and P = 0.001, respectively), with chronic care visits (P = 0.015), and with preventive care costs and visits (P < 0.0001 for both).
Finally, we compared the use of primary care and preventive services in the first period after taking an HRA for the study and comparison groups. Members of the study group were nearly twice as likely (1.98 and 1.99, respectively) than those in the comparison group to use primary care and prevention services during that period of time.
DISCUSSION
This study examined the effect of taking a self-administered HRA on health risk status, members' use of health care services, cost of services, and the use of primary and preventive care. The 3-year post-HRA study period allowed for a comparison of multiple HRA results and tracking of cost and utilization of services among a large group of members over time.
For those who completed an HRA, the overall proportion of those reporting various risk factors remained fairly steady throughout the study. This is not an uncommon result when examining the risk profile of the population as a whole. 9, 16 Those who are alerted to their risk when taking an HRA are provided with the resources to begin addressing those risks. Individuals who are in the desirable range are not instructed to address that particular risk, and some of these individuals may, over time, progress to a state of increased risk. Also known as the Natural Flow of a Population, this concept presents the idea that there is a fluctuation of risks and health care costs within a given HWP, which can serve as a benchmark by which improvement overall is measured. 16 In addition, we assert that this flow emphasizes the importance of continued engagement of the HWP population through efforts such as offering an HRA regularly, so that members whose risk level may increase can learn about this risk and how to address it in a timely manner. Indeed, others have documented the benefits associated with repeated administration of an HRA. 17 At the individual level, health risk changes observed here emphasize the importance of continued engagement and significant improvement over time. A substantial portion (63%) of the study group remained in the study cohort and took repeated HRAs during the 3-year observation period. Health risks improvements were observed initially within 18 months of taking the first HRA and, importantly, were maintained and even improved on by the end of 3 years. Most of those in the study group with health risks showed substantial improvement at both the midpoint and final assessments compared with baseline. This is a very encouraging result because it indicates not only that those who took an HRA were able to change their risks but also that they were able to sustain those changes over a 3-year period. The use of preventive health screenings decreased at the midpoint HRA assessment, and then increased by the final HRA assessment. The HRAs were taken at various times, making interpretation of this decrease difficult. It is possible that taking the midpoint HRA did not exactly synchronize with obtaining recommended screening. Although most of these biometric screenings are recommended to be performed yearly, it is possible that the midpoint decrease could be due to the fact that members went slightly more than 1 year between screenings and thus would not have had the recommended screening when completing the midpoint HRA.
Comparisons of health care cost and utilization between the study and comparison groups showed greater overall costs for the study group than for the comparison group during the period immediately following the initial HRA completion. Taking the HRA may have alerted individuals to their health risks, thereby stimulating them to seek health care services. Importantly, however, by the end of the study period, overall costs for the study group were lower than for the comparison group, consistent with the hypothesis that costs ultimately will decline because of HRA completion and subsequent medical attention prompted by the HRA.
Several measures indicate that members in both groups decreased their use of health care services, particularly those related to preventive care during the fourth assessment period. Costs and utilization decreased in both groups in that assessment period. In the study group, the midpoint HRA indicated fewer members receiving recommended screening procedures than in the initial period. This particular observation period corresponds to July through December 2008, when the country was experiencing a recession. During this period, it is possible that individuals, even if covered under a health insurance plan with coverage that has remained consistent, delayed or avoided medical care unless it was emergent because of financial considerations (eg, insurance copayments). In addition, because only the study group provided biometric and health risk data, we were not able to compare health risks between the study and comparison groups. It is possible that members of the comparison group did improve their health, but we were unable to measure this improvement. Nevertheless, we were able to observe statistically significantly higher costs among those in the comparison group, which would not be expected if they were improving their health risks at the same rate as the study group.
This study took place in a population that is somewhat unique in that the health plan is owned and operated by the employer. This relationship may have several possible implications that might decrease the study's generalizability. First, the employer has an enhanced interest in the health of its employees. It may be more willing to grant the health plan greater access to employees during their workday, making services and programming more accessible than in arrangements where multiple health plans are competing for employee benefit dollars. Nevertheless, this particular relationship may also lead employees to be less likely to utilize services of the HWP, or to be less honest in their reporting, because of concerns related to confidential information being unintentionally conveyed to their employer.
CONCLUSIONS
This study suggests taking an HRA can have a positive effect on health risk improvement, costs, and service utilization. Members of the study group, defined as those who took an HRA, seemed to be comparatively more engaged with the health plan and in their own health than were members of the comparison group. For example, they were more likely to seek primary and preventive care during the first 6 months after taking an HRA. They accessed health care services more frequently and at a lower overall cost than those in the comparison group. These results are consistent with the goals of an HRA, that is, to alert members to their health risks and assist them with addressing those risks. Although the observed differences between groups may be related to a greater interest in health among study group members, our results point to the importance of motivating members to address their health risks by taking an HRA or by some other intervention. If the health risk improvements observed by those who took an HRA were in fact due only to a greater motivation, it would make sense that increasing motivation among those who did not take an HRA could increase their engagement and improve their health. Once engaged, members seem to be willing and motivated to improve their health, as demonstrated by the significant and sustained improvements in biometric health risks among those who took an HRA.
An additional challenge for health plans and employers is to identify individuals who may not yet be ready to address their health needs, to help them become aware of their health risks, and to provide appropriate programming to help them make needed changes. Some individuals need to observe their colleagues participating in health promotion programs before they are willing to take part themselves. Others simply may not want to know their risks at the point in time when an assessment is offered. According to the Stages of Change Theory, only a minority of individuals will be at the "ready for action" stage at any given time. 18 What is needed is repeated and convenient opportunities for employees to become engaged in health promotion efforts. 5, 17 Actions such as offering screening locations near an employee's work station, release time from work to participate, including employees in the design and implementation of the program, and proactively reaching out to employees to help them move along the stages of change to actively address their health risks have been shown to increase utilization of worksite health promotion efforts. 5, 19 As the authors of a recent National Institute of Health Care Management report state, "Even state-of-the-art programming will fail if workers do not engage with the program." 19(p3) 
